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Summary 
Fifty characters related to tree form， leaf canopy structure， light environment and fruit production 
were investigated using 40， 14 year-old fruit trees of Japanese persimmon cultivar 'Hiratanenashi'， 
which were grown under the same cultivation management in the same orchard. Interrelationships 
among 50 characters were analyzed using ‘a system analyzing seasonal changes of tree form and leaf 
canopy structure of fruit trees，44) and ・asimulation model of distribution of radiational f1ux at leaf sur-
face in a crown of fruit trees，43) 
1. The coefficient of variation (CV) of the mean yield of fruits per tree for 2 years (MYF) ， the 
mean number of fruits per tree for 2 years (MNF) ， the volume of leaf canopy (VLC) and the MYF/VLC 
ranged from 40% to 90%. The CVs of the number of f10wer buds per tree (NFB) ， the mean leaf area 
density (MLAD) and the total leaf number per tree (TLN) ranged from 25% to 35%. The CVs of the 
total current shoot number per tree (TSN) ， the C/F ratio (CFR) and the leaf area index (LAld ranged 
from 15% to 25%. The CVs of the mean trunk diameter for 2years(TD)， the tree height(TH) and the 
degree of baldness (DB) were about 10%. The lowest vari氾凶at
r悶ad出1凶凶atlOna剖1f1ux at leaf su町I汀rf匂acαe(ωDMRFLυ). 
2. The analysis of interrelationships among the 50 characters were investigated. The MYF was 
positively correlated to the DMRFL and negatively to the mean inclination angle of current sh∞ts 
(MIAS). The MYF/VLC was highly and negatively correlated to the many characters relating with the 
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tree vigor. The number of flower buds per tree (NFB) was not significantly correlated with the many 
characters. However. the maximum value was found at about 450 cm of TH and about 30 cm of the 
mean current shoot length (MSL). The DMRFL was negatively correlated to the LA1c. the MLAD and 
the many characters relating with the tree vigor. However. the DMRFL was not significantly correlated 
with the TH. and distributed on a curvilinear curve of the TH. The daily total radiational flux at leaf 
surface (DTRFL) were positively correlated to the many characters relating with the tree vigor. sug. 
gesting that the larger trees received more total radiation. but became darker in the crown. There were 
highly negative correlations between characters relating with the tree vigor or the tree size. However. 
these characters were negatively correlated to the DB or thp. MLAD 
3. The analysis using 3 dimensional pillar-shap巴dgraphs showed that the MYF decreased ex. 
tremely in the region below about 685μEinstein/m2/s of the DMRFL. in combination with the region 
above.about460 cm of the TH or above about 42 degree of the MIAS or above 5000 of the TLN. There. 
fore. itwas suggested that thorough fruiting management. improvement of light environment in tree 














































































1.供猷樹 per tree， NB)を計調IJした.また 5月中旬に各樹から任
山形大学農学部附属農場(鶴岡市高坂)に栽植されてい 意に選んだ新梢50本について，着生花奮数を計測し，新
る14年生(1989年当時)の遅延関心形仕立て，南北列 7m 梢当りの平均着奮数を算出し，これに各樹の新梢数(上
X9m植えのカキ ‘平核無'のうち，隣接した3樹列中， 記システムの出力結果の一つ)を乗じ 着奮数(Number
改植したものを除く合計40本を供試した本調査園であ offlower buds per tree， NFB)とした.果皮色(Peelcol. 


































樹について着果数(Numberof fruits per tree， NF)を計測 1988年と1989年の両年，各樹から30枚の葉を任意に選




間平均葉色(Meanleaf color for 2 years， MLC)とした. プロックのうち，葉や枝の存在するプロックの最上端と
最下端の聞の距離，最東端と最西端の聞の距離，最南端
5.各樹の特性値及びその算出方法 と最北端の聞の距離及び地面とブロ ックの最下端の聞の
第1表に本解析に用いた特性値(及びこの略号)を示し 距離である.樹冠実容積(Volumeof tree crown， VTC). 
た各特性値は，樹形・葉群構造特性値，日当り特性値業層樹冠容積(Volumeof leaf canopy， VLC).外部無効
及び果実生産特性値に大別した. 容積(Externalunavailable volume， EUV). 内部無効容積
1)樹形・業群精進に関係する特性値 (Internal unavailable volume， IUV) ，全無効容積(Total
樹高 (Treeheight， TH). 東西樹幅 (East-westwidth， unavailable volume， TUV)及び樹冠下空間容積(Volume
EWW) ，南北樹幅(South-northwidth， SNW)及び樹冠底 beneathleaf canopy， VBLC)は，上記システムの理念グ
部までの高さ (Heightbeneath leaf canopy， HBLC)はそれ リッドで仕切られたブロックのうち，それぞれ，葉また
Table 1. Characters estimated or investigated and their abbreviations 
Abb. Characters Abb. Characters 
(Tree form and structure of leaf canopy) 
AOLA Area occupied by leaf area 
CFR C/F ratio 
DB Degree of baldness 
EUV External unabailable volume 
EUVIVLC EUVIVolume of leaf canopy 
EWW East-west width 
HBLC Height beneath leaf canopy 
IUV Internal unavailable volume 
IUVIVLC IUVI(Volume of leaf canopy) 
LA1c Leaf area index to AOLA 
LA10 Leaf area index to orchard 
MIAS Mean inclination angle of current shoot 
(Light environment) 
DIE Daily irradiation efficiency 
DMRFL Daily mean radiational flux at leaf surface 
DTRFL Daily total radiational flux at leaf surface 
DTRFS Daily total radiational flux at soil surface 
HMRFL Houriy mean radiational flux at leaf surface 
(Fruit product則 1and leaf color) 
PC Peel color 
FPC Fruit production coefficient 
FYC Fruit yield coefficient 
LC Leaf color 





Mean leaf area density 
Mean current shoot length 
Mean trunk diameter for 2 years 







Number of flower buds 
Mean peel color for 2 years 
Mean fruit weight for 2 years 
Mean leaf color for 2 years 
Number of fruits 
TCV Total canopy volume 
TD Trunk diameter 
TH Tree height 
TLN Total leaf number 
TSL Total current shoot length 
TSN Total current shoot number 
TUV Total unavailable volume 
TUVIVLC TUVI (Volume of leaf canopy) 
TVS Total volume of current shoots 
VBLC Volume beneath leaf canopy 
VLC Volume of leaf canopy 
VTC Volume of tree crown 
MNF Mean number of fruits per tree for 2 years 
MYF Mean yield of fruits per tree for 2 years 
MYF10A Mean yield of fruits per 10 a for 2 years 
YF Yield of fruits per tree 
YF10A Yield of fruits per 10a 
YFIVLC YFI (Volume of leaf canopy) 
YFIVTC YFI (Volume of tree crown) 
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は枝のいずれかが存在するプロックの全容積，葉が存在積比重とを用いて算出した.
するブロックの全容積，樹冠表層部の葉の存在しないプ 2)日当りに関係する特性値
ロックの全容積，樹冠内部の葉の存在しないブロックの 日平均葉函受光量(Dailymean radiational f1ux at leaf 
全容積，前2者の合計及び樹冠底部と地面との聞の全容 surface，DMRFL)， 日葉面総受光量 (Dailytotal radia・
積である46) はげあがり程度(Degreeof baldness， DB) tional f1ux at leaf surface， DTRFL)，及ぴ日受光効率




効容積の割合 (EUV/1CV)及び内部無効容積の割合 最の合計値及び樹冠占有面積(AOLA)の地面の 1日の受
(IUV/TCV)の数値はいずれもパーセント(%)で表現し 光総量(占有面積土面目i総受光量， Daily total radiation-
た.樹冠占有面積(Areaoccupied by leaf area， AOLA)は al f1ux at soil surface， DTRFS)に対する日葉面総受光量
業の存在する全プロックの地面への投影面積であり，業 の割合(%)である.これらの特性値は上記モデルの出力




樹が均等に占有すると仮定した土地面積(この場合， 63 このほか，日当りの詳細な解析のために， 40樹の 7月
m2)に占める全葉面積の比である.同様に樹冠占有面積下旬(7月22日)の晴天日 1日の毎時の平均葉面受光量
率(Ratioof area occupied by leaf canopy， RAOC)は 63m2
に占める樹冠占有面積(AOLA)の割合(%)である.
平均葉面積密度(Meanleaf area density， MLAD) ，総
新梢長 (Totalcurrent shoot length， TSL) ，平均新梢長




(Mean current shoot length， MSL) ，総新梢数(TQtalcur- 果実収量 (Yieldof fruit per 10 a， YF 10 A)，着奮数
rent shoot number， TSN)及び平均新梢傾斜角度 (Mean (NFB) ，着芽数(NB)，及び果皮色(PC)についてはすで




梢傾斜角度分布データの平均値である.総着業数(Total (Mean number of fru山 pertree for 2 years， MNF) ， 2 
leaf number， TLN)は全てプロックの葉数合計値である. 年間平均果重(Meanfruit weight for 2 years， MFW) ， 2 
これまち記した特性値は上記システムの出力値をそのま 年間平均果実収量 (Meanyield of fruits per tree for 2 
ま使用したが，以降述べる新梢総体積(TVS)及び材葉比 years，MYF) ， 2年間平均 10a当り果実収量 (Mean
(CFR)は上記システムの出力値と現場での計測値とを用 yield of fruits per 10 a for 2 years， MYF 10 A)及ぴ2年
いて算出した.新梢総体積(TVS)はシステムが出力する 間平均果皮色(Meanpeel color for 2 years， MPC)とした.
新梢長分布データと前述の別途調査して得られた新梢長 このほか，樹体の果実生産効率ともいうべき指標であ
~基部直径の関係式及び新梢長一先端部直径の関係式と る果実収量/樹冠実容積(Yieldof fruit per tree/Volume 
を用いて円錐台体積の公式により算出した.材葉比 oftree crown， YF/VC)及び果実収量/葉層樹冠容積
(CFR)は葉重に対する枝重の比であるが，枝重は上記の (Yield of fruit per tree/Volume of leaf canopy， YF/VLC) 
新梢総体積(TVS)のほか，システムが出力する 2年生枝， は別途計算した.さらに，従来より，他の研究者16)27)
側枝及び主枝・亜主枝の各全長データ，前述の別途調査 により提唱されている，果実生産係数(仮称、， Fruit pro・
して得られた各種枝の体積比重及び各種校の平均直径と duction coefficint， FPC)及び果実収量係数(仮称， Fruit 
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Fig. 1. Relationships between fruit weights and products of 2 cross diameters of the fruit at about the 
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10 a当りに換算すると 48.6-910kgとなり，山形県の 容積 (EUV)は 4.26-31.68 m3，新梢総体積 (TVS)は
生産目標(約2300kg/10 a)の半分にも達しなかった.こ 3471-22691 cm3と極めて広く分布し(第3図C，D， E， 
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Fig. 6. A daily distribution of mean radiational flux at leaf surfaces of the 40 trees and a transition 
of the hourly distribution of mean radiational flux on a fine day at the end of July. The 









μEinstein/ m2 / sから弱光条件の朝夕の時刻の約 10
μEinstein/m2/sまで変化し，かつ，これらの分布域が約
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Fig. 7. Relat削 lshipsbetween mean yields of fruits per tree for the 2 years (MYF) and several char. 
acters of the 40 trees. A circle indicates a tree of weakening growth. *・ and・indicates
significant level at 5 %， 1 % and 0.1%， respectively. Coefficients of correlation (r) were 
calculated using 39 trees， except the tree of weakening of growth. The same symbols are used 
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Fig. 10. Relationships between mean fruit weights (MFW) and several characters of the 40 trees. 
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Fig. 11. Relationships between mean peel colors (MPC) and several characters of the 40 trees. 
事 Horticulturalcolor chart of peel (H. C. C. P.) for ‘Hiratanenashi' 



























































Fig. 12. Relationships between daily mean radiational fluxes at leaf surfaces (DMRFL) and several 
characters of the 40 trees 
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Fig. 13. Relationships between daily total radiational fluxes at leaf surfaces (DTRFL) and several 
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Fig. 18. Relationships between mean leaf area densities (MLAD) and several characters of the 40 
trees. 
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Fig. 19. Relationships between leaf area indices to area occupied by leaf area (LAld and several 
characters of the 40 tres. 






























































Fig. 20. Distributions of mean yields of fruits per tree for 2 years (MYF) (z axis) against daily mean 
radiational flux at leaf surfaces (DMRFL) (y axis). and against total numbers (TLN) (upper). 
tree heights (TH) (middle) and mean inclination angles of current shoots (MIAS) (!ower) (x 
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